In this study, independent ambulation of at least 100 metres with/without a cane was regarded as successful prosthetic rehabilitation. The subjects were classified into two groups according to this criterion at the time of discharge. The successful group attained this performance, the other group failed to reach this level. The successful group included 8 unilateral trans-femoral amputees aged 72.2 ± 2.1 years who underwent amputation at more than 70 years, and succeeded in walking with a prosthesis. The group which failed included 9 unilateral trans-femoral amputees aged 63.2 ± 2.1 years who underwent amputation between the ages of 60-65 years , and had great difficulty in walking with a prosthesis. The purpose of this research was to investigate whether or not %VO2max as an indicator of physical fitness is useful in predicting prosthetic rehabilitation outcome after dysvascular amputation by comparing these two groups. Evaluation of physical fitness was conducted before the subjects began prosthetic rehabilitation. Information about each subject before fitting with a prosthesis was collected retrospectively from clinical charts made during admission. The successful group were capable of strenuous exercise, reaching the intensity of 50% V02max or more. In the group which failed only one reached the intensity of 50% V02max. The working capacity of 50% VO2max or greater would appear to be a valid initial guideline level of physical fitness at which an amputee can expect to succeed in walking with a prosthesis. Apart from physical fitness, a lesser number of comorbidity, good ability to stand on the remaining leg, and a strong will to walk were found to be important factors contributing to successful prosthetic rehabilitation. This study also showed that age alone was not an important factor.
Introduction
When training elderly amputees with vascular insufficiency in walking with a prosthesis, it must always be remembered that their prognosis for walking successfully is generally poor. Some elderly amputees may have had their lower limbs amputated as a result of trauma suffered at a relatively young age. These will be considerably different clinically from amputees who underwent amputation due to vascular insufficiency. It is well known that the numbers of amputations due to vascular insufficiency have been rising in Japan in recent years (Nagashima et al., 1991) . These elderly amputees suffer from generalised arteriosclerosis in all parts of their bodies, which leads to a wide variety of complications, and their physical fitness is diminished (Isakov et al, 1985; Cruts et al, 1987) . When a trans-femoral amputee who underwent amputation due to vascular insufficiency walks with a prosthesis, the energy consumed is much larger than would be the case if amputation was caused by trauma (Waters et al, 1976) . As a result, the act of walking with a prosthesis may exceed the physical fitness of an amputee with vascular insufficiency, which is a major obstacle to becoming a functional prosthetic ambulator (Steinberg et al, 1985; Crouse et al, 1990) . However, these authors did not specify what degree of physical fitness is required to become a functional prosthetic ambulator. Recently the authors have trained trans-femoral amputees, who had undergone amputation at more than 70 years due to vascular insufficiency, in walking with prostheses. All amputees succeeded in walking with prostheses. On the other hand, trans-femoral amputees, who had undergone amputation due to vascular insufficiency between the ages of 60 and 65 years, had great difficulty in walking with prostheses. The purpose of this research was to investigate whether or not %VO2max as an indicator of physical fitness is useful in predicting prosthetic rehabilitation outcome after dysvascular amputation by comparing these two groups. In this retrospective study, the authors have also investigated the various factors, other than physical fitness, which might affect prosthetic rehabilitation outcome of elderly amputees.
Subjects
It was difficult to define precise prosthetic ambulatory capacity. In this study, independent ambulation of at least 100m with/without a cane was regarded as successful prosthetic rehabilitation. The subjects were classified into two groups as to this criterion at the time of discharge. One group was the "success" group and the other was the "failure" group. The "success" group included 8 unilateral transfemoral amputees aged 70-75 (72.2 ± 2.1) years who underwent amputation at more than 70 (70-74) years, and succeeded in walking with a prosthesis. The "failure" group included 9 unilateral trans-femoral amputees aged 60-67 (63.2 ±2.1) years who underwent amputation between the ages of 60-65 years, and had great difficulty in walking with a prosthesis. All amputees had been admitted for prosthetic rehabilitation. The cause of amputation in all cases was peripheral vascular complication of diabetes and generalised arteriosclerosis. None of the subjects had any previous experience of walking with a prosthesis. The details of the subjects are described in Table 1 . Types of the prostheses prescribed were shown in Table 2 .
Methods

Evaluation of physical fitness
Informed written consent was obtained before entry into the study. Amputees were subjected to a one-leg cycling test driven by their nonamputated leg. This test was conducted before the subjects began prosthetic rehabilitation. This method has already been reported (Chin et al., 1997) . A cycle ergometer (Lode Angio WLP-300ST, Holland), which can be used from a supine position, was used. The tests were conducted with the subjects seated with their upper bodies reclining at an angle of approximately 45 degrees. An incremental exercise test was begun with three minutes of unloaded pedalling with the test subjects directed to turn the pedals 60 times per minute. The exercise intensity was increased by 10 watts per minute with the increase completed at the end of each section. The exercise was at the subject's self-assessed maximum load. During exercise the respiratory gas was monitored with a respiromonitor (Minato RM-300 system, Osaka, Japan), the oxygen uptake was then measured. At the same time the ECG and heart rate (HR) were monitored during exercise by Stress Test system (ML-5000, Fukuda Denshi, Tokyo, Japan), and cuff blood pressure was determined every minute with autoelectrocardiometer (Colin STPB-780, Japan). The maximum oxygen uptake during exercise as a proportion of predicted maximum oxygen uptake (%VO2max) was used as an indicator of physical fitness.
Information about each subject before fitting a prosthesis was collected retrospectively from clinical charts made during admission. The information included hip joint flexion contracture, ability to stand on the remaining leg, state of circulation in the remaining leg, number of comorbidity, function of upper limb, motivation to walk with prosthesis and level of ambulation before the manifestation of ischaemic symptom.
Statistical analysis
The StatView II Version 1.03 statistical programme was used (Abacus Concept, Berkeley, CA) for all statistical analyses. Fisher's exact test was used to determine if there were differences in hip joint flexion contracture, ability to stand on the remaining leg, state of circulation in the remaining leg, function of upper limb, motivation to walk with prosthesis and level of ambulation before the manifestation of ischemic symptom in the two groups. Mann-Whitney's U test was used to determine if there were differences in number of comorbidity in the two group. Non-paired t test was used to compare the age, age at the time of amputation, stump length, duration of hospitalisation, interval between amputation and prosthesis fitting and %V02max of the two groups. A p value of less than 0.05 was considered statistically significant. AH values reported are mean ± SE.
Results
The individual values of %VO2max in the "success" group was 66.3, 50.9,72.7, 55.8, 60.6, 56.2, 50.3, 56 .2, respectively. The individual values of %V02max in the "failure" group was 33.8, 39.9, 43.8, 49.9, 47.6, 29.8, 34.2, 54.6, 47 .8, respectively. The average of %VO2 was 58.6 (±7.6) for the "success" group, and 42.3 (±8.4) for the "failure" group. The %VO2max value of the "success" group was significantly higher than that of the "failure" group (p<0.05).
There were significant differences in the age, and age at the time of amputation between the two groups (p<0.05) ( Table 1 ). The differences were not significant in stump length, duration of hospitalisation, interval between amputation and prosthesis fitting between the two groups (Table 1) . Table 3 shows the details for each group with their respective p values. The differences were significant in ability to stand on the remaining leg and number of comorbidity. The differences were not significant in hip joint flexion contracture, state of circulation in the remaining leg, function of upper limb, motivation to walk with prosthesis and level of ambulation before the manifestation of ischaemic symptom in the two groups. Although the difference was not significant in motivation, p value (p=0.08) suggested the tendency that the "success" group had a strong will to walk with the prosthesis rather than the "failure" group.
Discussion
Because of medical advances in recent years, such as the development of various antibiotics and improvements in surgical techniques for amputation, the possibility of successfully performing trans-tibial amputation in the elderly who need lower limb amputation due to vascular insufficiency has been increasingly high. The energy consumed in walking with a trans-tibial prosthesis is much lower than walking with a trans-femoral prosthesis (Waters et al, 1976; Gonzalez et al, 1974) . This is beneficial in respect of walking with a prosthesis for elderly amputees who suffer reduced physical fitness due to various complications. It has been reported that elderly lower limb amputees achieved a higher success rate in prosthetic rehabilitation when the knee joint is preserved at amputation (Steinberg et al, 1985; Siriwardena and Bertrand, 1991; Reyes et al, 1977) . As a result, most elderly patients with trans-tibial amputation encounter no major problems in their prosthetic rehabilitation. However, for elderly patients with trans-femoral amputation, training to walk with a prosthesis is extremely difficult, and the failure rate for prosthetic rehabilitation is rather high (Steinberg et al, 1985; Siriwardena and Bertrand, 1991; Reyes et al, 1977) . There must be many rehabilitation cases in the field which proceed on a "try it and see" basis. It is most instructive to compare this situation with one where the success rate of prosthetic rehabilitation in elderly patients with trans-tibial amputation is high and their rehabilitation programmes are based to some extent on the prognosis for each patient. In general, elderly dysvascular amputees often experience complications from generalised arteriosclerosis, which contribute to the low physical fitness noted in these individuals. Thus, most elderly trans-femoral amputees tend to be non-wearers because the physical effort required in walking with a prosthesis exceeds their working capacity. Various authors have reported that if a lower limb amputee is to be able to learn to walk with a prosthesis at a practical level of activity, it is very important that he or she be able to meet the high energy expenditure demands (Steinberg et al, 1985; Crouse et al, 1990; Kurdibaylo, 1994) . However, these authors did not go so far as to comment on specifically what degree of physical fitness is required. In this research, %V02max value of the "success" group was significantly higher than that of the "failure" group. There were similar tendencies in the success group regarding the level of their physical fitness expressed as %V02max. In short, before the starting of prosthetic rehabilitation, all subjects in the success group were capable of strenuous exercise, reaching the intensity of 50% VO2max or more. On the contrary, apart from one case whose %VO2 value was 54.6, no subjects in the failure group reached the intensity of 50% V02max. A 50% V02max level is broadly equivalent to the intensity of exercise at the anaerobic threshold (AT) level. Judging from this study, taking %V02max as an indicator of physical fitness, the working capacity of 50%VO2max or more would appear to be a valid initial guideline level of physical fitness at which a dysvascular trans-femoral amputee can expect to succeed in walking with a prosthesis. When training elderly amputees, particularly those with trans-femoral amputations, it is essential to make a cautious evaluation of the amputee's physical fitness status before fitting a prosthesis. The results of this study appear to provide an important information regarding physical fitness in predicting prosthetic rehabilitation outcome after dysvascular amputation.
Factors such as age, number of comorbidity and level of amputation with regard to successful rehabilitation have been reported by several authors (Kerstein et al, 1975; Moore et al, 1989; Weiss et al, 1990; Deluccia et al, 1992 , Leung et al, 1996 . Among various factors investigated in this study other than physical fitness, lesser number of comorbidity, good ability to stand on the remaining leg, and strong will to walk were found to be other important factors contributing to successful prosthetic rehabilitation outcome. The authors' study also showed that age alone was of no value in determining prior to rehabilitation which patient should be fitted with a prosthesis as others have reported (Steinberg et al, 1985; Leung etal, 1996) .
It is obviously dangerous to generalise from these results obtained with a small number of subjects. However, the study might have clinical impact on predicting prosthetic rehabilitation outcome after dysvascular amputation. The continuation of this kind of study in the future with increased numbers of subjects may lead to the development of more efficient rehabilitation programmes for elderly amputees.
Conclusion
This study suggested that %V02max as an indicator of physical fitness is useful in predicting prosthetic rehabilitation outcome after dysvascular amputation.
Taking %VO2max as an indicator, the working capacity of 50%VO2max or more would appear to be a valid initial guideline level of physical fitness at which a dysvascular transfemoral amputee can expect to succeed in walking with a prosthesis. The other factors which contributed to successful prosthetic rehabilitation were lesser number of comorbidity, good ability to stand on the remaining leg, and strong will to walk.
